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1. INTRODUCTION {#jfd12969-sec-0001}
===============

The common carp (*Cyprinus carpio*L) is a freshwater and brackish fish originated in Asia and has been farmed in China since at least 475 BC. Due to its ability to tolerate eutrophic waters and adverse environmental conditions, carp are farmed across a wide range of geographical and climatic areas worldwide (FAO, [2018](#jfd12969-bib-0009){ref-type="ref"}). The common carp was introduced to Mexico from Asia in 1889 (Wakida‐Kusunoki & Amador‐del‐Ángel, [2011](#jfd12969-bib-0034){ref-type="ref"}) and is now distributed across the country, with the purpose of providing animal protein to rural populations and additional work opportunities to the community (Wakida‐Kusunoki & Amador‐del‐Ángel, [2011](#jfd12969-bib-0034){ref-type="ref"}). In 2017, carp production reached 53,421 tons, reflecting an annual estimated growth of 7.43% (CONAPESCA, [2017](#jfd12969-bib-0006){ref-type="ref"}).

Despite resilience to a wide range of environmental, climatic and geographical conditions, carp are susceptible to a variety of infectious diseases. Primary among these diseases is the spring viraemia of carp virus (SVCV), a notifiable pathogen according to the World Organization for Animal Health (OIE[, 2017a](#jfd12969-bib-0023){ref-type="ref"}) and a virus responsible for mortalities associated with acute haemorrhaging. To date, SVCV has been reported in common carp and other freshwater cyprinids in Asia and Europe, while detection on the American continent has been reported in the United States, Canada (Ahne et al., [2002](#jfd12969-bib-0003){ref-type="ref"}; Ashraf et al., [2016](#jfd12969-bib-0005){ref-type="ref"}; Garver et al., [2007](#jfd12969-bib-0012){ref-type="ref"}; Goodwin, [2011](#jfd12969-bib-0014){ref-type="ref"}) and Brazil (Alexandrino, Ranzani‐Paiva, & Romano, [1998](#jfd12969-bib-0004){ref-type="ref"}; OIE[, 2017a](#jfd12969-bib-0023){ref-type="ref"}). Nevertheless, SVCV has not yet been detected in Mexico.

SVCV, the type species of the *Sprivivirus* genus and member of the Rhabdoviridae family (Afonso et al., [2016](#jfd12969-bib-0001){ref-type="ref"}; ICTV, [2017](#jfd12969-bib-0016){ref-type="ref"}; OIE[, 2017a](#jfd12969-bib-0023){ref-type="ref"}), exhibits a genome structure that includes five genes encoded in the order 3‐N‐P‐M‐G‐L‐5, representing the nucleocapsid, phosphoprotein, matrix protein, glycoprotein and polymerase protein genes, respectively. SVCV infects different carp species, as well as other cyprinids and ictalurids (Ashraf et al., [2016](#jfd12969-bib-0005){ref-type="ref"}), and poses sanitary concerns in the global aquaculture industry. Other aquatic rhabdoviruses are also a threat to wild and farmed fish species. These include the viral haemorrhagic septicaemia virus (VHSV) and the infectious haematopoietic necrosis virus (IHNV) of the *Novirhabdovirus* genus, both of which are also listed as notifiable aquatic animal diseases by the OIE ([2017a](#jfd12969-bib-0023){ref-type="ref"}).

In Mexico, sanitary control measures associated with diseases in farmed carp are scarce, especially in relation to viral agents. López‐Jiménez ([1987](#jfd12969-bib-0018){ref-type="ref"}) reported on the occurrence of non‐published cases of infectious ascites attributed to bacterial infections of *Aeromonas* spp. and *Pseudomonas* spp., whereas the occurrence of viral cases was largely ruled out, excepting one case in which coronavirus‐like viral particles were microscopically identified. In turn, Vélez‐Hernández, Constantino‐Casas, García‐Márquez, and Osorio‐Sarabia ([1998](#jfd12969-bib-0033){ref-type="ref"}) reported cases of *Centrocestus formosanus* parasite infections in wild carp, and Soriano‐Vargas, Castro‐Escarpulli, Aguilera‐Arreola, Castro‐Escarpulli, Aguilera‐Arreola, Vega‐Castillo, and Salgado‐Miranda ([2010](#jfd12969-bib-0029){ref-type="ref"}) reported the occurrence of septicaemia caused by *Aeromonas bestiarum* in common carp from central Mexico. The present study describes a case of septicaemic disease in wild common carp obtained from a lagoon without tributaries or effluents in central Mexico. Tissue samples collected from fish exhibiting clinical signs were analysed via cell cultures, molecular techniques, gene sequencing and electronic microscopy, ultimately resulting in the isolation and identification of a rhabdovirus with traits similar to SVCV.

2. MATERIAL AND METHODS {#jfd12969-sec-0002}
=======================

2.1. Fish sampling {#jfd12969-sec-0003}
------------------

In October 2015, a total of 10 wild common carp (*C. carpio*) were collected as the result of a health‐monitoring programme for fish in central Mexico. The collected carp were delivered alive within 24 hr of collection to the Aquatic Animal Health Laboratory (Facultad de Medicina Veterinaria y Zootecnia, Universidad Autónoma del Estado de México, Toluca, México).

All 10 specimens were collected from Tecocomulco, a natural freshwater lagoon in the state of Hidalgo that is approximately 1,769 hectares in size and without tributaries or effluents (Rico‐Sánchez, Rodríguez‐Romero, López‐López, & Sedeño‐Díaz, [2014](#jfd12969-bib-0028){ref-type="ref"}). The lagoon is formed by run‐off and springs from the surrounding mountains, has an average length of 10.5 km, is between 1.0 and 3.5 km wide and has a depth, depending on periods of drought, between 70 cm and 2 m (Novelo, Montejano, Cantoral, & Tavera, [2005](#jfd12969-bib-0022){ref-type="ref"}). No disease outbreaks and/or disease‐related mortalities have been reported for the lagoon for any of the different fish populations. Common carp (≈250 g) were captured using a net that traps the fish through the gills. Many of the collected fish presented signs of septicaemic disease, characterized by moderate exophthalmia, abdominal distension and haemorrhaging in the ventral and lateral areas, as well as at the base of the fins.

2.2. Macroscopic, histological and microbiological analyses {#jfd12969-sec-0004}
-----------------------------------------------------------

All fish were killed via anaesthetic overdose (240 mg/L tricaine methanesulfonate 222; Sigma) and immediately subjected to post‐mortem examination. Initial external observations were conducted, and the lesions of each specimen were recorded. Examinations were then conducted for the presence of external parasites, and scrapings were obtained from gills and skin for microscopic observation at 10× and 40× magnifications. In addition, the microscope slides were Gram‐stained.

For histological analyses, internal samples were taken from each fish, fixed in vials containing 10% buffered formalin, dehydrated and embedded in paraffin wax following standard procedures. Each tissue was sectioned at 5 μm and stained with haematoxylin and eosin to describe histopathological alterations, as in Ortega et al. ([2016](#jfd12969-bib-0026){ref-type="ref"}). Sections were observed at different magnifications under an Olympus BH‐2 light microscope.

The aspect, colour and contents of the body cavity were also reviewed. Samples for bacterial isolation were aseptically taken from external skin lesions, the kidney, spleen, liver and brain of each specimen and streaked onto tryptone soy agar (TSA; Oxoid) and Columbia sheep blood agar (AES Laboratoire, France). All plates were aerobically incubated at 28°C and examined every 24 hr for 7 days. If no colony growth was observed after a week, the cultures were considered negative.

2.3. Virus isolation from cell cultures {#jfd12969-sec-0005}
---------------------------------------

The clinical signs presented by the collected carp led to the presumption that an agent similar to SVCV could be responsible. To explore this possibility, the diagnostic procedures suggested by the OIE ([2017b](#jfd12969-bib-0024){ref-type="ref"}) for virus isolation were followed, with kidney and spleen samples collected from fish with haemorrhagic injuries and internal adhesions. Portions of these tissues were pooled in two 15‐ml Falcon tubes containing 9 ml of Leibovitz\'s L‐15 Medium (Gibco BRL), coded as Carp‐1 (composed with kidney and spleen samples collected from two fish specimens) and Carp‐2 (composed with three other fish). Each sample macerated and centrifuged at 4,000 *g* for 15 min at 4°C. The obtained supernatant was recovered and filtered at 0.22 µm. Each sample was diluted to 1:10 and 1:100 and inoculated, in duplicate, at a ≥90% confluence in 12‐well multiwall plates containing cell monolayers of Epithelioma Papulosum Cyprini (EPC) and bluegill fry (*Lepomis macrochirus*, BF‐2), which were respectively incubated at 20°C and 25°C. The inoculated cells were examined daily under an inverted Axiovert 40 C/40 CFL, ZEISS® microscope to establish the presence of the cytopathic effect (CPE). The supernatants of plates evidencing a positive CPE were recovered and again inoculated and incubated as previously described. Multiwell plates with EPC and BF‐2 were incubated at 25°C. Negative controls consisted of duplicate sets of wells containing monolayers of the respective cell lines. These monolayers were inoculated with 0.1 ml of filter‐sterilized (0.45 µm pore diameter) Hanks' balanced salt solution. The lack of SVCV reference material precluded the use of a positive control. Cultures that did not exhibit a positive CPE were blind‐passed at least once before being classified as negative.

2.4. Electron microscopy {#jfd12969-sec-0006}
------------------------

Electron microscopy was carried out on EPC monolayers grown in 6‐well tissue culture plates. The cells were inoculated with supernatants from CPE‐positive cultures of Carp‐1 and Carp‐2. At 48 hr post‐inoculation, the cell culture medium was removed. The monolayers were harvested by scraping, centrifuged for 1 hr at 500 *g*, fixed in glutaraldehyde (2.5% in 0.1 M sodium cacodylate buffer, pH 7.4) and post‐fixed in 2% osmium tetroxide for 1 hr. Cells were dehydrated with ascending concentrations of acetone and then embedded in epoxy resin (Epon 812; Electron Microscopy Sciences) and acetone. Semi‐fine slices (150 μm) were obtained using an ultramicrotome and were mounted on slides contrasted with toluidine blue (Electron Microscopy Sciences). Once the area of interest was identified, fine slices (80 μm) were obtained and mounted on copper grids contrasted with uranyl acetate and lead citrate (Electron Microscopy Sciences). Finally, samples were observed using a Jeol 1010 electron transmission microscope at 60 kV.

2.5. RNA extraction and reverse‐transcription polymerase chain reaction (RT‐PCR) {#jfd12969-sec-0007}
--------------------------------------------------------------------------------

Cell cultures were collected for virus identification when CPE appeared, usually 2--4 days post‐inoculation. Total RNA was extracted from the supernatant of EPC cell cultures (200 μl) using the TRIzol Reagent (Life Technology, USA) following the manufacturer\'s instructions. Then, cDNA was synthesized through reverse transcription using the commercial PrimeScript™ RT Reagent Kit, with gDNA Eraser (Perfect Real Time, TAKARA, Japan) added for each 1 ng reaction of total RNA in a final reaction volume of 20 μl.

Molecular diagnosis of SVCV was performed following recommendations in the Manual of Diagnostic Tests for Aquatic Animals (OIE[, 2017b](#jfd12969-bib-0024){ref-type="ref"}), as based on Stone et al. ([2003](#jfd12969-bib-0030){ref-type="ref"}). The GoTaq® Flexi DNA Polymerase (Promega, USA), which contains all of the elements needed for the reaction, was used with a final volume of 25 μl and using 200 ng of cDNA as a template. The employed primers (SVCV‐F1 and SVCV‐R2) amplified a 714‐bp fragment corresponding to part of the coding sequence for the glycoprotein gene of putative SVCV. The amplified product was then assessed through semi‐nested PCR designed to amplify a 606‐bp product (primers: SVCV‐F1 and SVCV‐R4). The amplification procedure for both protocols adhered to those described by Stone et al. ([2003](#jfd12969-bib-0030){ref-type="ref"}). All PCR amplifications were carried out in a G‐storm Thermal Cycler T Gradients and were separated by electrophoresis on 1.5% (w/v) agarose gel, visualized with 1/10,000 GelRed Nucleic Acid Gel Staining (Biotium) and photographed under UV light. A GeneRuler 100 bp Plus DNA Ladder (Thermo Scientific) was employed as a molecular mass marker. A sample was considered positive if the expected sizes of the primary and secondary PCR products were 714 and 606 bp, respectively.

2.6. Sequencing and phylogenetic analyses {#jfd12969-sec-0008}
-----------------------------------------

Secondary amplification products were purified using the Wizard® SV Gel and PCR Clean‐Up System Kits (Promega). Products were then sequenced by Macrogen Inc. (Korea). The sequences of the 560‐bp region of Mexican isolates were analysed using the Basic Local Alignment Search Tool (BLAST) in NCBI (<http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_57232119>). Alignments were performed with the ClustalW algorithm against phylogenetically related organisms available in the GenBank database. The genetic distance analyses were performed using Kimura\'s two‐parameter model, and evolutionary trees were constructed using the neighbour‐joining method with MEGA 7.0 (Kumar, Stecher & Tamura [2016](#jfd12969-bib-0017){ref-type="ref"}). Bootstrap values were obtained from 1,000 replicates. The two obtained nucleotide sequences (coded Carp‐1 and Carp‐2) were deposited with the GenBank accession numbers MH569093 and MH569094.

3. RESULTS {#jfd12969-sec-0009}
==========

Macroscopic analysis demonstrated that 5 of 10 collected common‐carp specimens presented clinical signs of exophthalmia, moderate abdominal distension and haemorrhages at the base of the pectoral and pelvic fins in lateral areas (Figure [1](#jfd12969-fig-0001){ref-type="fig"}a). Internally, five fish presented sero‐haemorrhagic ascites and the formation of adhesions between abdominal organs, and three fish manifested diffuse haemorrhages in the coelomic cavity, splenomegaly, congestion of the swim bladder, renomegaly and renal congestion (Figure [1](#jfd12969-fig-0001){ref-type="fig"}b). Some fish presented scale loss and haemorrhages inside the mouth and on the lower jaw (data not shown).

![Adult common carp affected by a septicaemic disease caused by an SVCV pathogen. (a) External injuries: exophthalmia, inflammation of the anal orifice, and haemorrhages at the base of the fins and ventral/lateral areas; and (b) internal injuries: haemorrhagic ascites (asterisk), adhesions (arrow) and diffuse haemorrhages in organs of the coelomic cavity (arrowhead) \[Colour figure can be viewed at <http://wileyonlinelibrary.com>\]](JFD-42-667-g001){#jfd12969-fig-0001}

Parasitological analysis revealed the presence of *Trichodina*sp. on the skin and gills and *Gyrodactylus*spp. on only the skin of 10 fish (data not shown). No parasitic agents were found in internal organs, and bacterial growth was not obtained for any of the sampled internal organs or for the ascetic liquid of fish with haemorrhages independent of the culture medium used. Likewise, Gram‐stained imprints of these tissues did not reveal any bacterial presence. Histologically, the liver of affected fish presented perivascular haemorrhages (Figure [2](#jfd12969-fig-0002){ref-type="fig"}a) with lymphatic degeneration and infiltration in the vascular walls, multifocal mononuclear hepatitis, hyperaemia with multiple areas of degeneration and necrosis, lymphocytic pancreatitis, necrosis and periacinar lymphocytic infiltration (Figure [2](#jfd12969-fig-0002){ref-type="fig"}b). The kidney evidenced haemorrhagic and interstitial mononuclear nephritis, renal congestion, tubular dilation with proteinuria (Figure [2](#jfd12969-fig-0002){ref-type="fig"}c), perirenal haemorrhagic cystitis, tubular degeneration with obstruction, and melanomacrophage proliferation (data not shown). The spleen presented congestion and reticuloendothelial hyperplasia (Figure [2](#jfd12969-fig-0002){ref-type="fig"}d) and melanomacrophage proliferation. The intestine showed perivascular inflammation and necrotic enteritis, with necrotic cryptitis of enterocytes and epithelial cells in the lamina propria (Figure [2](#jfd12969-fig-0002){ref-type="fig"}e). Finally, epithelial scaling, villous atrophy and granulomatous ulcerative colitis were recorded (Figure [2](#jfd12969-fig-0002){ref-type="fig"}f).

![Histological injuries in common carp affected by an SVCV pathogen. (a) Liver with perivascular haemorrhaging (asterisk), hepatic degeneration represented by karyolysis (arrow) and pyknosis (arrowhead); (b) lymphocytic pancreatitis (arrows), necrosis (arrowhead) and periacinar lymphocytic infiltration (inset); (c) kidney with haemorrhagic (asterisk) and interstitial mononuclear (arrow) nephritis, as well as tubular dilation with proteinuria (arrowhead); (d) splenic congestion (asterisk) and reticuloendothelial hyperplasia (arrowhead), as well as multifocal haemosiderosis (arrow); (e) interstitial enteritis (lamina propria; asterisk) and necrotic cryptitis (arrow) with epithelial necrosis; and (f) epithelial scaling and villous atrophy (arrow), as well as granulomatous ulcerative colitis (asterisk) \[Colour figure can be viewed at <http://wileyonlinelibrary.com>\]](JFD-42-667-g002){#jfd12969-fig-0002}

The two kidney and spleen homogenates (Carp‐1 and Carp‐2) of affected fish showed a CPE between 24 and 48 hr post‐inoculation in EPC cell cultures, and 72 hr post‐inoculation in BF‐2 cell cultures. These results suggest that the clinical signs of disease observed in the common‐carp specimens were caused by a viral agent. This hypothesis was confirmed via electron microscopy, which revealed an abundance of characteristic bullet‐shaped viral particles with structural traits typical of rhabdovirus (110--123 nm long, 75.5--78.1 nm wide; Figure [3](#jfd12969-fig-0003){ref-type="fig"}).

![EPC cells 3 days after inoculation with supernatants of common‐carp tissues infected by an SVCV pathogen. Shown is the budding of viral particles with complete and transverse positioning, showing the typical bullet shape of rhabdovirus. Magnification ×50,000](JFD-42-667-g003){#jfd12969-fig-0003}

RT‐PCR analyses conducted using the total extracted RNA from EPC and BF‐2 cell cultures resulted positive for putative SVCV, independent of the cell line employed for viral isolation. The expected specific amplification product for SVCV was observed, with a size of 716 bp for the first reaction and of 606 bp for the second round. No product was generated with the negative control (Figure [4](#jfd12969-fig-0004){ref-type="fig"}). The two amplification products were sequenced separately, in duplicate, and in both directions by Macrogen Inc. (Korea). This resulted in contigs with reads averaging 702 ± 12 and 573 ± 5 bp, showing that Carp‐1 and Carp‐2 were 100% similar. Both primers were removed, and a comparative analysis was performed against a partial sequence (560 bp) deposited in GenBank, the results of which revealed 99% identity with the SVCV glycoprotein of an isolated from Missouri, USA (DQ227504). Based on the phylogenetic analysis of partial SVCV glycoprotein gene sequences, the Carp‐1 and Carp‐2 isolates were classified into the Ia genogroup, closely related to the American and Chinese isolates (Figure [5](#jfd12969-fig-0005){ref-type="fig"}).

![Electrophoresis of the SVCV glycoprotein gene amplified by RT‐PCR. MW: Thermo Scientific GeneRuler 100 bp Plus DNA Ladder. Lanes 1, 3 and 5: first‐round PCR product (714 bp); lanes 2, 4 and 6: second‐round PCR product (606 bp). Lanes 1 and 2 correspond to samples of the EPC cell culture supernatant with Carp‐1; lanes 2 and 3 correspond to samples with Carp‐2; and lanes 4 and 5 are negative controls (i.e., no fragment)](JFD-42-667-g004){#jfd12969-fig-0004}

![Phylogenetic tree for SVCV based on the obtained partial glycoprotein gene sequence, constructed using the neighbour‐joining method. The values at the branches are bootstrap values with 1,000 replicates. The scale represents the evolutionary distance between two sequences. The accession number and origin of isolation are indicated for each isolate](JFD-42-667-g005){#jfd12969-fig-0005}

4. DISCUSSION {#jfd12969-sec-0010}
=============

This report describes an SVCV rhabdovirus as the cause of an infective outbreak among wild common carp in Mexico. While SVCV can replicate in fish, bird and mammalian cell cultures, optimal cell systems are those derived from cyprinid fish, such as EPC (Fijan et al., [1983](#jfd12969-bib-0010){ref-type="ref"}), which grows at 20--22°C. The CPE of SVCV is characterized by a margination of nuclear chromatin followed by a rounding up, detachment and lysis of cells. The presently obtained results are consistent with these descriptions. However, given that SVCV is closely related to the pike fry rhabdovirus, an SVCV‐specific RT‐PCR was used to obtain a more precise identification (Stone et al., [2003](#jfd12969-bib-0030){ref-type="ref"}). The second round of the semi‐nested PCR protocol amplified a prominent 606‐bp product corresponding to nucleotides 373--978 of the SVCV glycoprotein. Genetic clustering and geographical origin are closely linked for SVCV strains, which can be divided into the Asian and European clades (Miller et al., [2007](#jfd12969-bib-0019){ref-type="ref"}; Stone et al., [2003](#jfd12969-bib-0030){ref-type="ref"}). Phylogenetic analysis of the partial glycoprotein genes obtained for the SVCV isolates (Carp‐1 and Carp‐2) resulted in placement into the Ia genogroup, closely related to the American isolates (Figure [5](#jfd12969-fig-0005){ref-type="fig"}).

Spring viraemia of carp virus is an OIE‐notifiable finfish rhabdovirus of major economic importance (OIE[, 2017a](#jfd12969-bib-0023){ref-type="ref"}). Unfortunately, the SVCV pathogen obtained from Mexican common carp was not confirmed by an international reference laboratory, nor has detection been reported to the OIE. Nevertheless, the Mexican sanitary authorities (National Service of Health, Safety, and Agroalimentary Quality SENASICA, Spanish acronym) have been duly informed. SVCV can be particularly devastating for the carp aquaculture industry and has also been reported to infect other commercially important species, including sheatfish (*Silurus glanis*), European perch (*Perca fluviatilis*), goldfish (*Carassius* spp.), zebrafish (*Danio rerio*), rainbow trout (*Oncorhynchus mykiss*) and tilapia (*Sarotherodon niloticus*) (OIE[, 2017a](#jfd12969-bib-0023){ref-type="ref"}). In addition to distinct varieties of carp, other aquaculture species farmed in Mexico could be impacted by SVCV (including rainbow trout and tilapia \[CONAPESCA, [2017](#jfd12969-bib-0006){ref-type="ref"}\], as well as ornamental fish such as goldfish, zebrafish and other cyprinids). Such impacts can include death, as has been reported by Haghighi‐Khiabanian Asl, Bandehpour, Bandehpour, Sharifnia, and Kazemi ([2008](#jfd12969-bib-0015){ref-type="ref"}), who detected a molecularly uncharacterized SVCV‐like virus responsible for mortalities in adult rainbow trout. Likewise, tilapia, zebrafish and even trout could act as carriers of this viral agent (Emmenegger et al., [2016](#jfd12969-bib-0008){ref-type="ref"}; OIE[, 2017b](#jfd12969-bib-0024){ref-type="ref"}).

Spring viraemia of carp virus replicates in endothelial cells and leads to the perivasculitis, degeneration and, ultimately, necrosis of blood cells, which manifests as disseminated haemorrhages (Ahne et al., [2002](#jfd12969-bib-0003){ref-type="ref"}). Death from a loss of sodium--water balance is primarily caused by damaged haematopoietic and kidney tissues (Gaafar et al., [2011](#jfd12969-bib-0011){ref-type="ref"}). In the current study, only five of the 10 analysed fish showed clinical signs typical of an SVCV infection; besides external and internal haemorrhages, the sampled fish also showed histological injuries in various tissues. While such injuries are not pathognomonic of SVCV, they are in line with descriptions in preliminary studies (Ahne et al., [2002](#jfd12969-bib-0003){ref-type="ref"}; Gaafar et al., [2011](#jfd12969-bib-0011){ref-type="ref"}; Negele, [1977](#jfd12969-bib-0021){ref-type="ref"}). Surprisingly, however, no signs of disease or fish mortalities have been previously described for the Tecocomulco Lagoon, a situation that is difficult to explain or justify. It is important to note that while this lagoon is rurally located, it is visited by carp fishermen and tourists or weekend visitors. The Tecocomulco Lagoon is also host to several other species, including fish, such as charal (*Chirostoma* sp.), carps (*Cyprinus* spp., *Ctenopharyngodon idella*, *Hypophthalmichthys molitrix*, *Amblycephala megalobrema*, *Mylopharyngodon piceus*) and goldfish; amphibians, such as axolotl (*Ambystoma velasci*) and anurans like *Rana moctezumae*; and reptiles, such as the aquatic snake (*Thamnophis eques*).

Although Carp‐1 and Carp‐2 were isolated, the capacity and extent to which these isolates could cause mortality to carps and other fish species within the Tecocomulco Lagoon are unknown. Taking into account existing Mexican regulations, the results of this study do not demonstrate whether the isolated virus meets Koch\'s postulates. Except for studies on parasitic helminths (Monks et al., [2013](#jfd12969-bib-0020){ref-type="ref"}), to date no health studies exist for aquatic organisms in the Tecocomulco Lagoon, despite the existence of records on water‐quality parameters (Aguilar‐Martínez, [2007](#jfd12969-bib-0002){ref-type="ref"}; Delgadillo, [2012](#jfd12969-bib-0007){ref-type="ref"}), algae (Novelo et al., [2005](#jfd12969-bib-0022){ref-type="ref"}; Quiroz‐Flores, Ramírez‐García, & Lot‐Helgueras, [2014](#jfd12969-bib-0027){ref-type="ref"}), macroinvertebrate populations (Rico‐Sánchez et al., [2014](#jfd12969-bib-0028){ref-type="ref"}) and pesticide presence/levels (Aguilar‐Martínez, [2007](#jfd12969-bib-0002){ref-type="ref"}). Therefore, the impact of the isolated SVCV pathogen on fish populations in the Tecocomulco Lagoon remains unclear, and information regarding mortalities associated with this or prior cases is unavailable. This information gap could be due to the large size of the lagoon (1,769 ha; Rico‐Sánchez et al., [2014](#jfd12969-bib-0028){ref-type="ref"}) or, perhaps, due to the asymptomatic nature of affected fish, which act as SVCV carriers (Ahne et al., [2002](#jfd12969-bib-0003){ref-type="ref"}). Furthermore, the lack of an active health‐monitoring programme in Mexico (Ortega, [2012](#jfd12969-bib-0025){ref-type="ref"}) and scarce knowledge of aquatic environments have conditioned local residents and fishermen to view low mortality rates as "normal," without concerns for identifying the cause. In the present case, the responsible laboratory only received samples and notified the health authority of suspected SVCV.

In fact, only five of the 10 sampled fish evidenced classical clinical signs consistent with an SVCV infection, which is a notable finding to consider for future health and research assessments. The obtained results are similar to those described by Garver et al. ([2007](#jfd12969-bib-0012){ref-type="ref"}), who isolated SVCV from asymptomatic common carp in Lake Ontario (Canada). This correlates with observations that SVCV infection is mostly clinically inapparent (Ahne et al., [2002](#jfd12969-bib-0003){ref-type="ref"}; OIE[, 2017b](#jfd12969-bib-0024){ref-type="ref"}). On the other hand, the clinical occurrence of an SVCV outbreak in goldfish specimens in a lake near Sao Paulo (Brazil) resulted in a 70% mortality rate (Alexandrino et al., [1998](#jfd12969-bib-0004){ref-type="ref"}). In addition to the inherent difference of the involved infectious agents, variations in the manifested clinical signs, injuries and mortalities could be related to management practices and environmental conditions. In this case, it could be that the fish inhabited a large lagoon without spatial restrictions and with low stress. However, it is hard to calculate the impacts of several factors, including of fishing activities; sanitary and livestock drainage discharge; erosion; and the gradual extraction of water for farming, which results in new vegetation (Delgadillo, [2012](#jfd12969-bib-0007){ref-type="ref"}). All of these factors could serve as environmental stressors that affect pathogenesis transmission and organism infection.

When and how the virus was introduced into the Tecocomulco Lagoon is unknown, but considering that between 1996 and 1997 the lagoon practically dried up, infection is likely a relatively recent occurrence. Also of possible relevance, this site is host to nearly 120 bird species, 78 of which are land species and 42 of which are aquatic species (Gobierno del estado de Hidalgo, [2003](#jfd12969-bib-0013){ref-type="ref"}). Of the aquatic birds, 29 migrate from North America, where SVCV has been detected in wild (Garver et al., [2007](#jfd12969-bib-0012){ref-type="ref"}) and farmed (OIE[, 2017a](#jfd12969-bib-0023){ref-type="ref"}) fish. It is important to underscore that the objective of this study is not to clarify the origin of the SVCV in fish from the Tecocomulco Lagoon, which, as a closed body of water, could mean a range of possibilities, such as the virus being introduced through carp stocking (a common practice in Mexico since the end of the 19th century; Tapia & Zambrano, [2003](#jfd12969-bib-0032){ref-type="ref"}; Wakida‐Kusunoki & Amador‐del‐Ángel, [2011](#jfd12969-bib-0034){ref-type="ref"}); through migratory birds acting as viral vector carriers (Ahne et al., [2002](#jfd12969-bib-0003){ref-type="ref"}); or even through the importation of ornamental fish, including different types of cyprinids, zebrafish and guppy (*Poecilia reticulata*; Zambrano & Macías‐García, [2000](#jfd12969-bib-0035){ref-type="ref"}), which are species susceptible to or that act as carriers for SVCV (Ahne et al., [2002](#jfd12969-bib-0003){ref-type="ref"}; Ashraf et al., [2016](#jfd12969-bib-0005){ref-type="ref"}).

In any case, the occurrence of this case should alert health authorities to be on guard for other cases. For example, after the first SVCV outbreak at a koi farm in North America in 2002, eight subsequent SVCV detections or outbreaks have been recorded (Emmenegger et al., [2016](#jfd12969-bib-0008){ref-type="ref"}). This exotic virus could, therefore, represent a potential threat to native and culture fish populations in Mexico. Further contributing to this potential threat is that one of the factors related to SVCV appearance is the temperature range in which fish live, with 10--17°C being optimum (Ahne et al., [2002](#jfd12969-bib-0003){ref-type="ref"}). In Europe, the appearance of SVCV is related to temperature increases after winter. In the case of the Tecocomulco Lagoon, the water temperature fluctuates yearly between 13.1°C and 21.2°C (Delgadillo, [2012](#jfd12969-bib-0007){ref-type="ref"}; Novelo et al., [2005](#jfd12969-bib-0022){ref-type="ref"}; Quiroz‐Flores et al., [2014](#jfd12969-bib-0027){ref-type="ref"}); during the sampling period, the temperature range was closer to 13.1--15.1°C (Delgadillo, [2012](#jfd12969-bib-0007){ref-type="ref"}).

Finally, sanitary diagnoses of wild fish are not mandatory in Mexico. This constitutes an inherent risk to the development of intensive farming of the common carp and other commercial species, such as rainbow trout or tilapia. Future surveillance of fish in the Tecocomulco Lagoon and other aquatic environments in the region will help to ascertain the prevalence, distribution and effects of SVCV pathogens on fish populations in Mexico.

CONFLICT OF INTEREST {#jfd12969-sec-0011}
====================

This research does not have conflict of interest.

This work was supported by Grant FONDAP 15110027 and FONDECYT 1150695 from CONICYT, Chile, and Research Projects 4489/2018/CI from SIEA‐UAEM and Ciencia Básica CONACYT‐México: reference 287537.
